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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a voltage-controlled oscillator VCO that enables 
practical operation at a center frequency of 2 GHz band, has a sufficient frequency variable 
width and is made small in size in the VCO whose oscillating element is a piezoelectric bulk 
vibration element or a surface acoustic wave resonator. 

SOLUTION: This voltage-controlled oscillator(VCO) has an oscillation element, that is realized 
by a piezoelectric bulk vibration element or a surface acoustic wave resonator and a varactor 
element consisting of a ferroelectric or antiferroelectric thin film clamped by a couple of 
electrodes. The oscillating element and the varactor element are connected in series, and a 
control voltage applied to both terminals of the varactor element controls the impedance 
characteristic of the VCO. 
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[0 0 5 5] *tt*SGtt#4Ktttt. K N b 0 3 m*Si&£ 

WL2 i $rtu z<d±\z^ mmmme 3»xx*x h y y 

[0 0 5 6] S i S«2 tKNb0 3 *ttfig|«2 1 ^ 

x±^m<i6 i, Tifem<i4. tfiS6 z<DmtimM 

^4{^^LTV>6 0 C<Z>VCOU:*5^Tt, "T^^S 
[0 0 5 7] ^(DVCOCioV^ «rSE***^ttiB 2 

[0058] <zzx\ ~*j£®mm*\^<D&fumj£x*& 
5 4v^wuci, mmmjE) *3. 5v, 

1. 3V. -0. 5VldR3tLX\ VCO<DACmiZ&rt 

8 9fi, R«iP«jEsfts-t*t-eix3. 5V. 1. 3V N -0. 
5vco<t£o>f yf-/y^(oWfi^U &3S9 

0 N 9 1, 9 2f3\ Hl*P«E^«tix-etL 3 . 5V S 1. 
3V N -o. 5Vtf>£#tfW ^tf— ^*0dHkft«:X 
•To 

[0 0 5 9] El4tC*5ft6|g«llHlfiS(75y r^^ 

c jttttfttt^fcs 5 o QiwK^u mnm& 
[0 0 6 0] -*jm®mm*<D&w<DMf$ t 

[00 6 1] Jgg 

ttfi«r/B^* 0 SiJMSStf) (10 0) ffidSSte 
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[oo6 2] g^MSiiSM 

*^OVCOT1i, IMT2 0 00^7^(DM 
fff<&BIJ£fl>&ff£aS2 0 0 Mm£Lb£&6fc#>. 

20 0. l-20 M niirt6C<l:^ U\ 

[0 0 6 3] *»Wl£;fc5Vvt\ 4>ft< irfcisrg&MtelR- 
mwi~z^t o **^-rj\'mx*foz>zkt)m-£ lv\ j Pn . 

J. Appl. Phys. Vol. 36 (1997) pp. 6069-6072 |CfB«c $ 

30 ^jewem^ Si^mjE *> 5 v ^ »isji »«jepp*p t- 

[0 0 6 4] j^t> aifcr^^^-r/HR-Cife-5afi««ttJ» 

[oo6 5] mimL^\?z*^\>\<m^m^%ttm^m 

[0 0 6 6] (A) -<n ^^,^7^ YWftPc : B a T i O 
40 3; PbTi0 3 , #±JStc*^#^^ ^BMB. PZT 

(^a^^^lMS) , PLZT (^n>^^>-» 

[0 0 6 7] (B) ^^^^x^^n^XMWiN' : SB 
N (-t^hDyf^^i|r)A) , PBN (n^~ 

t\ 

[0 0 6 8] (C) YMn0 3 3R*t»:#±JH5£* (S 
50 c^t/YSr-g-tf) tMn^O^m, ^fijYM 
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n0 3 «5&«rtoK^!fe^if 0 m*-li. YMn0 3 , Ho 
Mn03^o 

[0 0 6 9] SIT* ZtibnttWlzi^X, XV&lmz 

[0 0 7 0] s<w7x$s( hSM#ft<0 5^N BaTiO 

£^-fo AI1C a s Ba,Sr.Pb N K. Na.L 
#?£L<, BteTi. Zr, Ta*5j:tfNba*?>JSfcttx 10 

[0071] ^sLfc^o^w Mft^mms 

^JtA/B«, #£L<teO. 8-1. 3X&><0. ct 
9»*L<tt0. 9 — 1. 2T*fc6 0 
[0 0 7 2] A/B&^cnk ? te$&m^'t&^t\zJ:o 

6: k&XZZ> 0 d*ilc#U A/B 

^o. 8^»x*f±iefi^*ss!i^a«?)^<*t), £ 

fcA/Bj&si. 3*rr^6^*«*JI«IO*rt^Hlllw 20 

[0 0 7 3] C(Oi5*A/BI±, «ft^Wt§ 
r klz£oX&&.-t-Z>o Site, AB0 3 Ki3tt-50<Dit 

-c\ xo<td. a*. 2. 7-3. 3«an?fc*o * 

[0 0 7 4] WlT'ffll^AB0 3 S^n/X*/f 30 
hfc&VOk^Xn. A 1+ B 5+ 0 3 , A 2+ B 4+ 0 3 . A 3+ B 
3+ 0 3 , A X B0 3 , A (B' 0.67^^ o.33> °3> A 

<B' 0.33^0.6?) °3> A (B a5 +3 B a5 +5 ) 0 3 , 
A (B 0 . 5 2+ B 0 .5 6+ ) °3^ A (B 0 . 5 1 + B 0 . 5 7+ ) 0 3 , 
A 3+ (B 0 . 5 2 + B 0 . 5 4 + ) O s , A (B 0 .25 1+ B 0 .75 5+ ) 
0 3 , A (B 0 ^ 3+ B 0 .5 4+ ) 0 2 . 75 . A (B 0 . 5 2+ B 0 .5 

[0 0 7 5] Mrt^mat, PZT\ PLZTf^Pbl 
-<D^^.^7>f MfrS*s C a T i O3. B a T i 0 3 , P 

b T i O3, KTa0 3 . B i F e O3. N a T a 0 3 . S 40 

rTi0 3 , CdTi0 3 s KNb0 3> LiNb0 3 , L 

i T a 0 3 , &&XfZ.frbV>mife#!$XlbZ>o 

[0 0 7 6] £3b\ JifEPZ Tte, P b Z r O3-P b 
T i 0 3 »©i»#t*5. Sfc, ±EPLZT«\ P 

ZTCL a^ K— ^**tfc«-&*"e*9, ABO a ^ 
ISI^X^ (P * 0. 89^0. 91 La 0.11^0. 09> < Z r 
0.65 T i 0. 35^ 0 3 T^£*l£o 

[0 0 7 7] Sfc, EVt^ay**^ hik<£%><D?hB 

i »Bttft-fr*f4. Httfc 

* B i 2 A m - 1 B m 0 3m+3 50 
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Xmt>£tlZ>* ±««lw*5^t\ mttl-5^8»> A 
fi N Bi, Ca, Sr. Ba, Pb, Na, KteXXfjfc 
±m7tm (S c*3j:tfY«r&iri Otvffta*-Cife!K B 
tt, Ti N T a&£XfNb<D\,^TtlfrX*hZ> 0 ^ftftCl 
II, Bi 4 Ti 3 O l2 . SrBi 2 Ta 2 0 9 . S r B i 2 N 

[0 0 7 8] *»WlwfflV^^r.^^#^ LV^n^^r 

:/**>f h§Hb&*fc, «*.tf B a T i 0 3 , S r T i 
0 3 . PLZT, PZT, CaTi0 3% PbTiO 
3 (^^VIMB) . *±*5E***^* 

£9#£LV^CDteB aT i 0 3 , SrTi0 3 . P 
ZT\ PbTi0 3 . *±li7n*'&#^^>'K»T?fc 
•9. Wfc#£LV^0>tt, R (R|2 % p r> Nd, E 
u N Tb % Dy, Ho, Yb. Y, Sm, Gd, E r *o 

m > Pb, T i 4&Wzo**#+**±«5g**# 

[0 0 7 9] C<oj:5**±*7cai«*^^i6«ai:b 

(Pb+R) /T i =0. 8 — 1. 3, 
Pb/ (Pb+R) =0. 5 — 0. 99 

«fM1¥ 1 0-1 7 3 9 4 

[0 0 8 0] ^^^^^^^nvX^^^ LTii, & 
^m^W^OLandolt-BoernsteinVol. 16|a«cCO^ 
Xr^nyXI^^tU\ JUfcWfclt*. (B 
a, Sr) Nb 2 O e , (B a , Pb) Nb 2 O e , PbN 
b 2 O e . PbTa 2 O e . BaTa 2 O e . PbNb 
4 O n , SrNb 2 O e , BaNb 2 0 6 ^Ctl^^®^ 
mm&L<. SBN { (Ba, Sr) Nb 

2 O e } ^PBN { (Ba, Pb) Nb 2 O e } 3&S#* L 
V\ 

[0 0 8 1] YMn0 3 *#»tt, ft^RMn0 3 1« 
^60 R«#±«7n^ (S c*5J:^Y*:*tf) ^<bStf 

IwiSftSJBT-JtR/Mntt,- »*L<tt0. 8-1. 2 
TNfclK J:0»*L<»10. 9-1. Itfc5 0 

^1. 2Srj8A5fii0iTtt. 3ftR«ttds»e>n-f. »il 
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*s-C*5o YMnO 3 *tt»<0ltR«*tt, ^A^TM 
0^-50 SS, 0-1 0 0 8St*S. 

[0 0 8 2] *»W^-ffiV^Swi:AS#*UV^YMn03 

[0 0 8 3] YMn03»«-<B|.tt. ^AX^ttAMHt 

0 3n HoMn0 3> ErMn0 3 s YbMn0 3 , TmM 
n0 3 , LuMn0 3 t$)6t)<7)?i\ Ztlh<Dm&&te b* 

[0 0 8 4] mrnm*-e**-> vomits 
hsa**s:#u 'p*<ti> (001) emttts 

Ci:iS»*LV\ (0 0 1) KfRjTtt. <0 0 1>W 

<tt»R«tt3J5<o 0 1 >WT*#e>tt60T\ (0 0 
1) BiJ«Brti:Wtk5 (0 0 1) *-gEfpJK"Cfe 

[0 0 8 5] ft**. *WJiffl#^*3Jt5*-KfSjMi:«, 

itiRiozb&Mtirrz. Mrft&)WZ. «^.ri, (00 
l) *-KW«, i-**3*>c®*-iBSiflltt, fit© 20 
- 0 x»HJ*fic:*5V^T. (ool) m£W<VBitt&m& 
(0 0L) ffiR*to*>ctr-^3jiao5i 0%KT. 

L,<n5%£lT<Di><DX~hZ> 0 #^$B§I-*^T 
(0 0L) It (001)^(00 2) 4^©«E«ftBS 

[0 0 8 6] *M3W*Jc:*3*t 531 tr^^^-ir /HBtirfi. 

-t£oTSEfRjLTl>Sfc(0-Cfca o *ftttt-tt. is- 
le, ±|BL7t*-gBrpUKTfc5^^$,5 o jgZlK, R 

HEED^tfTX^i/ h£fcte* h — >&7F 

j?®Ih]#T (Reflction High Energy Electron Diffractio 
n) T*>!>, RHEEDMli, Kffirt fc*5 

[0 0 8 7] fc/cU *56MT-H, (10 0) a*s«tffi 
rti:?fri:/iotv^ (10 0) PEfiaJiSAas (0 0 
1) ESlttffilwjBfiL-CV^rtJ:t\ (10 0) 1E|«Ij!£ 
1119 0° K^>f^Mt5C^^^ £<0»£\ 

*v\ 9 0° Ky^a^rtSft**, »fiSi*itf> 
£\ (100) / (001) &3SlTX*hZ>zbi>W& 
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[0 0 8 8] fc*5, (0 0 1) *-E(fij-C*<Tt>^ A 

ft-Tattfltf (10 0) iEl^tfo^i^l^i, *MJfflS 

10 (ool) ffi*3«tr/ (hoo) m$kft<ov—*&K&* 
(ool) (hoo) ®wi*:if-^3ISroi 

0%J^T, »*L<tt5%«TT?*6 0 jB-l-* RHE 
EDffflrr?*<Kjy h&tztex bV-*'**-^%7Fi-& 

*WJNB*lw*5t^X (HOO) te, (100) ^ (20 

[0 0 8 9] Si (1 0 0) SSSrffiV>5*&C0*ffitt 
xt'^v/t^feSi (1 0 0) «4RtO#*LV^ 

Bias (0 0 1) m~§E|6]-Cifc<5«£\ -<P^^7-r h 

[100] //si [0 1 0] -efcSo ««tt^.tr 
(001) gar^ (100) mfabfrm 

ftL/ct)OTfc6I^ ^P^^-f h (0 0 1) GfR] 
jeicov^i^n^^-f h [1 0 0] //S i [01 

0] -cfctK -<p^^7-r h (100) Erpi3jgsirot> 

ttt^n^^i>f h [O01]//Si [0 10] "Cfc 
30 ft. ®^(^St6fllll^±t)¥fTt^6 c t l 

[0 0 9 0] ^^rJi 

£ g& t OBOWtttt 6 C ^ LV\ y<yy rllt 

« TKR W + £ * l s> 7 r Ji *5 <t / * tt# 2 y 

[0091] (»i^s/77i) ^i^<>7rSti, Si 

40 BL^AB0 3 -C*Sn5^o^*>f hteftWJ&S: 
^Tf6o A^LTfi. Ca, Ba, Sr. Pb. K, N 
a, Li, L a&cfctfC d <D 1 U£X±. %f\^B a ittz.n 
Sr^K, BirUTtt. Ti, Zr. Ta^Jj:^ 
Nb(Dia^_b, «twTi*S#*LV^ i-fcfr^ ^1 

[0 0 9 2] JRl/<y7T«^*5#t6IK^-JtA/BW:, 
*f^L<fl0. 8-1. 3, «fc«9« 1 ^L<fi0. 9- 
1. 2T*>So A/B^o. 8 *WT-tt*gfttt<a&«» 
50 *dSS«)*<*!3. ^fcA/B^i. 3^jg^^^:^jg 
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7-3. 3(E«5ffii-fc*ltf *V\, 
[0 0 9 3] Sl^^^riH 3E#ftX*>5£#ri 
(00 1) <L— BIpK t4bt>fflS*BiWfccf# 

54:*tt (100) Hl-EW, t^^IfiSffitffi 

■f *l<d»£x 1 3i if* 3r i/^ /MBtx* 5 C t # X D 
U\ ^fc, IBl/^7rJ5iSi (lOO)StSirco 
«A2rttH«tt\ [100]//Si [0 10]* 

tci*&Jj& [0 10]//Si [0 10] -?*>«& 

Watte, *6Jcco«Ht±fc»rt*ii6T»Wi^«IB 

X*>6 0 ^i^^-y-7T^^«^^t 0 ^^^^/^^cD 

[0 0 9 4] «2/<i/77l) Sl^S/7ritl2 

SU^y^rJf i^fBI-Rtt3o »2/<s/7rIH, ^ 
[0 0 9 5] — ^A^KIS. Sft^a^ 

* y«/<y [)^^^«l^>y77i^^t^ 

[0 0 9 6] Kft^a^^Afeit^S^k^a-T 
Z ri _ x R x 0 2 -6 (R|j:Sc^J:t;Y^tft±i 
7ci{iX&t>, x = 0~0. 75, 5=0 — 0. 5Xfc 

K3ta*u:ov>xn. aaM-a,, R^um Pr. c 

e N Nd N Gd, Tb, Dy. H o *5<fc tfE r T^ibiliR 
[0 0 9 7] Kfb^/l^-*^?$ffilte. *-<7>ttftfi 

fi*fcfiJM4fiX&6£#fcfc (00 1) J*-Br$i % 
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fgrCJfc 5 (10 0) ^-EfpjX*-5C L 

[0 0 9 8] Si (10 0) Stg^SI^, m2'<y7T 
M (Zr hx R x 0 2 J) *3iU?Sl/^77l (B a T 
10 i0 3 ) #J1fiRSJi£ftX^S£a\ CixfoiDtgA^ffi 
BBflUi, B a T i 0 3 (0 0 1) //Z r ^R^-S 

(0 0 1) //Si (100) , i»oBaTi0 3 [l0 
0] //Zr 1 _ x R x 0 2 _6 [10 0] //Si [0 10] T 

li\ ^jiii, S2/<^/77i^(;i 
tte>o»Bi35Sfi:irfii?fce»^xfc. ffirt(c*5v^x«ii[Rj 

[0 0 9 9] YBCO*iT^«3K«d>e><DS*tXtt. 
20 (0 0 1) gE^BaTi0 3 xt^^Vt^SJ: 
*tf>Jiefi#4fcBI«fcJ:. BaTiO 3 (00 
1) //Zr H R x 0 2 -6 (0 0 1) //Si (10 0). 
^oBaTi0 3 [H0]//Zr H R x 0 2 J [10 
0] //S i [0 10] BaT.iO 3 (0lWfirfrf 
Us Z r 1 _ JC R X 0 2 _5 ^WlXci^t4 5° 0 

5^^ttilifiMi»T^^ B a T i O s (0 
0 1) //Zr 1 . x R x 0 2 J (0 0 1) //Si (10 
30 0) , £>oB a T i 0 3 [10 0] //Z r 1 _ x R x 0 2 -5 

[10 0] //Si [0 10] «tx^^>t/^ 
ft^:^£t^cUc 0 Z r 1 _ x R x 0 2 -5^a#^ 
0. 5 2nraT^^ B a T i O 3 l<Da#li0. 4 Onm 
X*S<0X. 4 5° E^XtEl«5LX*^S^-f-'5B a T 
iO 3 [110]//Zr 1 _ X R X 0 2 ^8 [100]//Si 

[0 1 0] <7}ffl«T*te, ^^^^^hd>8. 4%ULfc 

S 0 cnt-*tU *«W#e>t-J:2»**t-i3V^x*v^ 
^tl/cBaTiO 3 [10 0]//Zr H R x O 2 .5 [1 
0 0] //S i [0 10] Xte. B a T i 0 3 ^s%CDa® 
40 tZr 1 - x R x O 2 -6^e 3 0 ^a®i:fllEie^:-f^ ; e^*^ 
S^U COgg, Zr H R x 0 2 J3fe^ (0. 5 2X 
3 = 1. 5 6 [nm] ) tw*t U B a T i 0 3 4*&T- 
(0. 40X4 = 1. 60 [nm] ) CCQ£ 

^7oh(i2. 6 %x *>■*>* J:<-es/^>-^i- 

6 C Ctf) <fc 51-, B a T i 0 3 [10 0] //Z r j- x R x 
0 2 _6 [10 0] //Si [0 10] Olft^jffltSC 
£t::J;!9 N (0 0 1) g2lpJO^fc°*3r>'-tA'B a T i O 
3 ffit -ftefrh, «*ttld*Hfc*l^<y7TJB*:»« 

r ^^X#So 

50 [oiool ZrQ 2 liWffl^&atatcid^rtx&^rfi-* 
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T'fcSo Z r j^RxOg-SBM^Stt^xOlSffiiC^ 
f^o Jpn. J. Appl. Phys. 27 (8)L1404-L1405(1988) K$g£ 
£ixTV^£5U:> x#0. 2*«Tfc6Sj*;ScT^^ 

P>*L-O>6o fc«U x^O. 7 5^j®x.5SI«c^«, 

{ftjxtf (10 0) ^-gfif6]H#^ti 
1\ (111) gaf^^#B^^A-r?>o IE;£&& 10 

^c^m#4^ t * & gWCte. J. Appl. Phys. 58 (6) 2407-24 
09(1985) K^-^ft-Cl^J; 5 #<t 5 k-tZ>h<D 

[0 10 1] Lfcj&SoT. ^IEf^co^:^e>IL Z r 
H R x O 2 -5I^^Tx|j:0. 2-0. 7 5X^6^ 

0. 2 — 0. 5 0T*fe£ o Stfbv^^ — ^^^a^ 
e**v^MgT*fcHtf, ^o±l^/&£tx6Sgi^:y 
77S, Ti&m^, affitt^e-^^r^/HK^t 0 ^^ 20 

[0 10 2] ^^/v^-^^^^^^^^^b 

#Jxtf> JifELfcte^ifcO. 5 2nmOZr H 
R x 0 2 -5^, R/^Y-CfctK x^O. 3(Dt><^T*fc 

fx5Cir«#5^ xfctt<^3ET*^^^0 30 

[0103] mmtKfo&^^^mki?^^-? 
m. m&xvmmzxvmmnmfcmki,. z ri _ x R x 

[0 10 4] Zr 1 _ x R x O 2 -6I^V^Tx^0. 2=fcfffi 40 

nt^^, «*tfitWE#H¥ 10-17394 #4*^ 
m$c£tix\,^z>m&Jjfe*j&m'tz>z.k\c£ ±isu 

[0 10 5] ^$:^<fllj*7c;^ c t 3 {^{t6Z r 50 
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tm^\Zk\ i~tet>hZ r 0 2 <vf&&&^^b*t&mm 

V\ Sfc, ^Jg-^*-^^it (MI S*it) id 
*5^TZ r 0 2 ^te^^ Uffll^, YSZ (Y 

6C-V#^(Dfc^^y f£%<DX\ M I S^f 

t-^ irXfrmftmmtiZo coisam sis 

lc£9^£-r3fcO#Z r O 2 c0fflte^l-J: «9^$tt 
YSZli^e^ s ^V>/cfel£^l^i|g?P$n 

-r. ft±M7£m*mu^x\,^tzMz.mm!Km> 

[0 10 6] Lfc^oT, ^^jfefs^J:^®^ 

m<mf&5um*{z&rtzz rcottmnm*<^zb*fr*i, 

JM^tChi:, #£L<f3:9 3raol%S, e tl9« 1 ^b< 
te9 5raol%£L±. ^^(C^U<(^9 8mol%J£A_h, 
$f^L<(^99. 5raol%J£*_h"C£>& 0 #*5. ®eiff#J:t/ 
Z r ^<HI^7ti^H. *±li7C^^P^^T^ 
6o Z i (Dit^(D±mn^ %tf£<Dk^?>9 9. 9 9mol% 

H f 0 2 ^CD#$£telibV^T% Zr0 2 (OWll i§ 

Z r +Hf X<Dmm*t%lsX\,^Z> 0 Ufc^oT, * 
^Sf^ftS Z r O 2 c0^S«. Hf^Zri £f^7U 

mt&teisX&mistit^mx&zdK Hf o^**^ 
{ztertzmikvsi'^-v^mmz&^xz r o 2 ^± 

[oio7] ^2/^>r7 T ^$r^-r5^g', m 

mmmffl\zio\,^x. smmm^^y-rmcomh^mm 
[0108] ftic. ft±mmtm?hmm\^^xwLW-r 

[0 10 9] ±lfiLfcJ:5tw N ^2/<-/^r^^ LT± 
[oiio] &*5> #±^^^^^^1:^^^ 
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\~txn (oo i) mfa*? (i oo) m-SBrpjoK^ 
m^x^-r, ±Jj&<d (ill) mfa(DmtteoxLi£ 

[0111] ft±mmitvo&mmn, y. l a , c e , 

Pr. Nd, Sm, Eu, Gd, Tb, Dy. Ho N E 
r. Tnu Yb^oJ;t;Lu^M<nia, C 
e, Prs Nd, Gd, Tb, Dy, HoioJ:t5Er(D 

f&£nx\,^z>zhi)m&i')<\ ft&s 2«j^±(D^±ji 
Tcmzm^^tz, *<Dttm*&nx&>z> 0 io 
[0 112] ^±^^b^«^ag^^^-cv^5* 

gfg^t:^ Rfll ^ »t r . 8£tf t: is* =* - V & * » 

^^•±^7c^^#* * it te&pgmzm* s ■& 6 £ 

2/ H3ftS/h*<ft6*V fc5lM*#&Lft< ft!K *±« 20 
j&5SgS£ft5 0 

[0 113] ft*>\ *±*»fb»^MKl-*an-#-**± 
[0 114] it{b^=-^^*?»I»*5«tt/*±*Sfcft 

U y-^WJt5C^^^ 0 £fc> Al*5j:tf 30 
Mn. Fe s Co, N i ft if^»^JH5ti5R«> BMM- 

^W^ftS. 
[0 115] Tifem^ 

0^/<>f^J»ffl^Sft«afc*fiK^Sfc«)OT»«« 40 

[0116] Tmmmz&mfrhffif&istizzktmik 

£ LTt> <tV\ &Jl<b LTIi, P t % I r . O s , R 
e. Pd. Rh*5j;tfRu<&4>ft< ki> lairttt^ 
&JR3Lft: J ^&j&s#* LV\ In Sr^ifSMtW* fcfctW 
itt^p^^^ MWkWt LXfi, mX-tfs i n 

2 0 3 , I n 2 0 3 (S n K— :/) . (R, S r ) C o 

Q 3 s (R, Sr, Ca) Ru0 3 , (R, Sr) RuO 50 
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3 , SrRu0 3 . (R, Sr) Mn0 3 , ifcflwixb 

[0 117] TififiStt:il^y7rItR«l^ jE# 
ftT*>S£#B: (0 0 1) HI— ffifnk 5WNtTNfe6i# 
(10 0) *-BErRl"C*>5ri:jOS»^U<, v>-ftto 

TifcS«£S i (10 0) Xttj:<o«A^nffi 
li, IM [ioo] //Si [o l o] ^tctettM* 
[oio] //Si [o l o] X'&ZZ-ktWti uv\, -r 

mmtmrntn. m^^xmm±^^fx 
o«f i£_h{c7£/& $ ti^iffittx tr * * ~> /HKoJSitt 

tr ^ > Y A^«^» 6 ft Z> o 
[0 118] T»««tt. /<;v?x<DVcmn.fr\ 0~ 5 ~ 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The voltage controlled oscillator with which an impedance characteristic is controlled by the 
control voltage which it has an oscillation element equipped with a piezo-electric bulk oscillating 
element or a surface-acoustic-wave resonator, and a variable-capacity element equipped with the 
ferroelectricity thin film or antiferroelectricity thin film inserted into the electrode of a couple, and the 
series connection of the aforementioned oscillation element and the aforementioned variable-capacity 
element is carried out, and is impressed to the ends of the aforementioned variable-capacity element. 
[Claim 2] The voltage controlled oscillator of a claim 1 with which the piezo-electric bulk oscillating 
element which has the piezoelectric thin film inserted into the electrode of a couple, and the variable- 
capacity element which has the ferroelectricity thin film or antiferroelectricity thin film inserted into the 
electrode of a couple adjoin on a substrate, and is arranged. 

[Claim 3] The voltage controlled oscillator of a claim 1 with which a surface-acoustic-wave resonator 
equipped with a piezoelectric thin film and a tandem-type electrode and a variable-capacity element 
equipped with the ferroelectricity thin film or antiferroelectricity thin film inserted into the electrode of a 
couple adjoin on a substrate, and are arranged. 

[Claim 4] One voltage controlled oscillator of the claims 1-3 with which an impedance characteristic is 
controlled by impressing the control voltage of reversed polarity with the saturation voltage where it 
impressed the control voltage or the aforementioned saturation voltage is impressed, after impressing the 
voltage more than the saturation voltage in the hysteresis curve of the amount of stored charges of a 
ferroelectricity thin film or an antiferroelectricity thin film to the aforementioned variable-capacity 
element. 

[Claim 5] One voltage controlled oscillator of the claims 1-4 the aforementioned ferroelectricity thin 
film and whose aforementioned antiferroelectricity thin films are epitaxial films. 
[Claim 6] One voltage controlled oscillator of the claims 1-5 with which the aforementioned 
antiferroelectricity thin film includes [ the aforementioned ferroelectricity thin film ] PbZr03 crystal 
including Pb content perovskite crystal or BaTi03 crystal. 

[Claim 7] One voltage controlled oscillator of the claims 1-6 used by the phase synchronous loop after 
the voltage more than the aforementioned saturation voltage is impressed to the aforementioned 
variable-capacity element in accordance with oscillation frequency when the input setting frequency 
when operating a phase synchronous loop impresses a saturation voltage to the aforementioned variable- 
capacity element, when used as a voltage controlled oscillator in a phase synchronous loop. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the voltage controlled oscillator 

used for mobile communication equipment etc. 

[0002] 

[Description of the Prior Art] Since mobile communications which used the 1.9GHz band from the 
800MHz band, such as a cellular phone and PHS, spread quickly and correspond to the increase of a 
subscriber recently, and in order to realize the telephone of a cosmopolitan, introduction of new 
specification, such as IMT2000 system, is considered. Introduction of the system to 2Mbps(es) is 
considered for the maximum bit rate as a phase 1 by this IMT2000 system. The wideband CDMA 
method which extended bandwidth to 5MHz / 10MHz / 20MHz, and the TDMA method which 
incorporated frequency hopping were examined by this system. Since the direct diffusion sign is used 
for the former, in the present condition, the limitation of use bandwidth is called 5 to 10MHz by 
interference of the multiplex propagation path of an electric wave, and its development of new 
interference cancellation technology is indispensable. The high-speed frequency synthesizer for 
frequency hopping is required, and the latter operates to this frequency synthesizer with the 2GHz band 
of center frequency, and needs for it the VCO (voltage controlled oscillator) circuit whose frequency 
adjustable width of face is 5MHz to 20MHz (from 0.25% of standardization frequency adjustable width 
of face to 1%). 

[0003] The terminal of these systems is strongly required to be smaller than before, in order to raise 
convenience. The miniaturization of the parts to be used is indispensable to the miniaturization of a 
terminal. About the miniaturization of a VCO circuit used for a frequency synthesizer, although it is 
thought from the conventional discrete part that bare chip mounting and a further have effective 
monolithic-izing, it is necessary to conquer various technical problems, and utilization is not progressing 
easily. 

[0004] By the way, the piezo-electric bulk oscillating element and surface-acoustic-wave resonator 
using single crystal piezoelectric material have the features, like resonance loss is small in small, no 
adjusting, and Quantity Q, and are used for the VCO circuit combining varactor diode. 
[0005] However, the application to the communication system which uses a 2GHz band since the usable 
frequency range is hundreds of MHz or less for the VCO circuit using the piezo-electric bulk oscillating 
element using the single crystal of LiTa03 grade is impossible. On the other hand, the VCO circuit 
using the surface-acoustic-wave resonator is studied even to the 900MHz band. However, on the 
frequency of a 2GHz band, a resistance component increases, Q becomes low sharply, as for the 
varactor diode which is the key parts of a frequency adjustable element, C/N falls, and a practical 
property is not acquired. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is enabling practical operation 
with the 2GHz band of center frequency, and realizing sufficient frequency adjustable width of face in 
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VCO (voltage controlled oscillator) which has a piezo-electric bulk oscillating element or a surface- 
acoustic-wave resonator as an oscillation element. Moreover, other purposes of this invention are 
realizing the miniaturization of such VCO. 
[0007] 

[Means for Solving the Problem] The above-mentioned purpose is attained by this invention of 
following the (1) - (7). 

(1) The voltage controlled oscillator with which an impedance characteristic is controlled by the control 
voltage which it has an oscillation element equipped with a piezo-electric bulk oscillating element or a 
surface-acoustic-wave resonator, and a variable-capacity element equipped with the ferroelectricity thin 
film or antiferroelectricity thin film inserted into the electrode of a couple, and the series connection of 
the aforementioned oscillation element and the aforementioned variable-capacity element is carried out, 
and is impressed to the ends of the aforementioned variable-capacity element. 

(2) The voltage controlled oscillator of the above (1) with which the piezo-electric bulk oscillating 
element which has the piezoelectric thin film inserted into the electrode of a couple, and the variable- 
capacity element which has the ferroelectricity thin film or antiferroelectricity thin film inserted into the 
electrode of a couple adjoin on a substrate, and is arranged. 

(3) The voltage controlled oscillator of the above (1) with which a surface-acoustic-wave resonator 
equipped with a piezoelectric thin film and a tandem-type electrode and a variable-capacity element 
equipped with the ferroelectricity thin film or antiferroelectricity thin film inserted into the electrode of a 
couple adjoin on a substrate, and are arranged. 

(4) the above — variable capacity — an element — a ferroelectricity — a thin film — or — 
antiferroelectricity - a thin film — a stored charge — an amount — a hysteresis curve — it can set — a 
saturation voltage - more than — voltage - having impressed - after — a control voltage — impressing — 
or — or — the above — a saturation voltage — having impressed — a state — the — a saturation voltage — 
reversed polarity — a control voltage — impressing — things — an impedance characteristic — controlling 

— having — the above — (— one — ) 

(5) One voltage controlled oscillator of above-mentioned (1) - (4) the aforementioned ferroelectricity 
thin film and whose aforementioned antiferroelectricity thin films are epitaxial films. 

(6) One voltage controlled oscillator of above-mentioned (1) - (5) with which the aforementioned 
antiferroelectricity thin film includes [ the aforementioned ferroelectricity thin film ] PbZr03 crystal 
including Pb content perovskite crystal or BaTi03 crystal. 

(7) a phase synchronous loop — it can set — a voltage controlled oscillator __******„ using — having — 
the time — a phase synchronous loop — operating — making — the time — an input — a setup — frequency 

— the above — variable capacity — an element — a saturation voltage — having impressed — the time — an 
oscillation — frequency — being in agreement — or — or — the above -- variable capacity — an element — 
the above — a saturation voltage — more than — voltage — impressing — having had ~ after — a phase 
synchronous loop — using it 

[0008] 

[Embodiments of the Invention] The example of VCO which used the piezo-electric bulk oscillating 
element for 1 st example drawing 1 as an oscillation element is shown. 

[0009] This VCO has Si (100) single crystal substrate (only henceforth Si substrate) 2 in which the 
diaphram 1 was formed, and has the up electrodes 61 and 62 which consist of the buffer layer 3 which 
consists of a silicon-oxide layer / a zirconium-oxide layer / a barium-titanate layer on the Si substrate 2, 
the ground electrode 4 which consists of platinum, the ferroelectricity which consists of PZT and a 
piezoelectric thin film 5, and Au in this order. 

[0010] A diaphram 1 forms the Si substrate 2 by **********ing from the inferior-surface-of-tongue 
side in drawing, and thickness is 20 micrometers. 

[001 1] The ferroelectricity and the piezoelectric thin film 5 have ********** e d partially with photo 
lithography technology. The field which ********** ec i j s a par t of field except a diaphram 1 top. The 
thickness of a ferroelectricity and the piezoelectric thin film 5 is 0.7 micrometers, and is 0.6 micrometers 
in an etching field. The up electrode 61 exists on an etching field, and the up electrode 62 exists on a 
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diaphram 1. Although the ferroelectricity and the piezoelectric thin film 5 were formed by plural 
vacuum depositions, it can also be formed by the MBE method, the RF magnetron-sputtering method, 
etc. This ferroelectricity and piezoelectric thin film 5 checked by RHEED that it was the epitaxial film 
mentioned later. In analysis by the X diffraction, this thin film was an orientation (001) film with which 
90-degree domain was formed, and peak intensity ratios were (100) / (001) =0.98. Moreover, the atomic 
ratio in a film was Zr:Ti=23. 8:76.2 as a result of the component analysis by fluorescence X rays. 
[0012] In this VCO, the field where it ********** e d in the ferroelectricity and the piezoelectric thin 
film 5, and the ground electrode 4 and the up electrode 61 which sandwiches this constitute a variable- 
capacity element. Moreover, the ferroelectricity and the piezoelectric thin film 5 on a diaphram 1, and 
the ground electrode 4 and the up electrode 62 which sandwiches this constitute a piezo-electric bulk 
oscillating element. In both elements, the thickness of a ferroelectricity and the piezoelectric thin film 5 
differs, because it optimized for each element. In addition, the size of the up electrode 61 is 14- 
micrometer angle, and the size of the up electrode 62 is 15-micrometer angle. Moreover, the up 
electrode 61 is provided in the position which separated about 200 micrometers from the edge of the up 
electrode 62 so that there may be no influence of the impedance characteristic on a piezo-electric bulk 
oscillating element. 

[0013] When the dielectric constant of a variable-capacity element was measured by the wafer prober, it 
was about 240epsilon0. Here, epsilon 0 is the dielectric constant of vacuum. 

[0014] In addition, in the Si substrate 2 row shown in drawing 1 , the thin film and electrode on it were 
produced by dividing into a chip using dicing equipment, after having ********** e _ si wafer, forming 
the diaphram and forming an electrode and a thin film on Si wafer. 

[0015] The inferior surface of tongue of the Si substrate 2 is pasted up on the base of a package 1 1 by 
the die bond agent 10, and the upper part of a package 1 1 is closed with the lid 13. In the package 11, 
the external end-connection children A, B, and C connecting with the exterior existed, and these 
connected with the up electrode 61, the ground electrode 4, and the up electrode 62 electrically through 
the wire 12, respectively, and have connected the variable-capacity element and the piezo-electric bulk 
oscillating element in series. The electrical-equivalent circuit for explaining operation of this VCO to 
drawing 4 is shown. In drawing 4 , the variable-capacity element 202 and the oscillation element (piezo- 
electric bulk oscillating element) 201 are connected in series. A, B, and C which are shown in drawing 4 
correspond to the external end-connection children A, B, and C who show drawing 1 . 
[0016] In this VCO, when the external terminal of a package 1 1 was used and about [ peak swing 5 V ] 
low frequency voltage was impressed between the up electrode 61 of a variable-capacity element, and 
the ground electrode 4 based on the Sawyer-Tower method, the hysteresis curve 14 of the amount of 
stored charges shown in drawing 2 was obtained. Drawing 2 shows that the saturation voltage in this 
case is about 4V. Moreover, the applied- voltage dependency curve 15 of the capacity shown in drawin g 
3 was obtained from the inclination of this hysteresis curve 14. The vertical axis of drawing 3 is 
standardized by capacity in case applied voltage is zero. After this variable-capacity element impressed 
low frequency voltage and direct current voltage, its aging of a hysteresis curve or capacity was small, 
and it made it clear that it is fully equal to practical use as a variable-capacity element. 
[0017] Operation of this VCO is explained using drawing 4 . An active circuit 200 is negative resistance. 
- Having Rc and capacitive reactance Xc, the oscillation element 201 has impedance Re(w)+jXe(w), and 
the variable-capacity element 202 has carried out impedance R(V)+jX(V) more. V expresses the voltage 
impressed to the variable-capacity element 202 here. It is known that the oscillation conditions of this 
VCO circuit are R(V)+Re(w) <|Rc| and Xe(w)+X(V) =Xc, and it is also known for the RF band that Xc 
of an usable active circuit generally has the value of about 30-100ohms. 

[0018] The resonance characteristic of the impedance between AC when impressing 4V which are the 
saturation voltage of the variable-capacity element in the 1st example between AB(s) of drawing 4 is 
shown in drawing 5 . Curves 23, 24, and 25 show the real part of an impedance, imaginary part, and an 
absolute value among drawing, respectively. Since a ferroelectricity and the piezoelectric thin film 5 are 
epitaxial films, loss of a variable-capacity element becomes very small, consequently the real part of an 
impedance [ near the resonance frequency ] becomes several ohms or less, and R(V)+Re(w) <|Rc| which 
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is a part of oscillation conditions is fully filled with this example. 

[0019] The absolute value of the impedance between AC when changing the applied voltage between 
AB(s) of drawing 4 (control voltage) to drawing 6 and change of imaginary part are shown. In this 
drawing, curves 26, 27, and 28 express the absolute value of an impedance in case control voltages are 
3.5 V, 1.3 V, and -0.5 V, respectively, and curves 29, 30, and 31 express the imaginary part of an 
impedance in case control voltages are 3.5V, 1.3V, and -0.5V, respectively. In addition, this 
measurement was performed after impressing between AB(s) 4V which are a saturation voltage. When 
setting the reactance Xc of an active circuit as 50 ohms which is a general value, changing the control 
voltage between AB(s) from 3.5V to -0.5V and the frequency which fulfills oscillation conditions is 
estimated from drawing 6 , it turns out that it changes from 2.042GHz to 2.020GHz. If this is changed to 
standardization frequency adjustable width of face, it will become about 1%. 
[0020] Moreover, after impressing -4V which are another saturation voltage of a variable-capacity 
element, when it sets up the reactance Xc of an active circuit with 50 ohms and the control voltage was 
changed with -3.5 V, -1.3 V, and +0.5V between AB(s) of drawing 4 , the frequency which fulfills 
oscillation conditions changed from 2.042GHz to 2.020GHz. Also in this case, standardization 
frequency adjustable width of face becomes about 1%. 

[0021] The conceptual diagram of a phase synchronous loop is shown in drawing 13 . This phase 
synchronous loop consists of the phase contrast detector (phase phase comparator) 100, a loop filter 101, 
amplifier 102, and VCO103. If this phase synchronous loop is operated, first, the input voltage of 
VCO103 will oscillate by the free running frequency set as zero, and will be drawn in the setting 
frequency of an input signal after that. After using as VCO103 which shows VCO of this example to 
drawing 13 and impressing direct-current- voltage 5 V between AB(s) of drawing 4 , when the phase 
synchronous loop was operated, the input voltage to VCO fed back from amplifier 102 began to oscillate 
by zero, the output frequency of VCO was set to 2.042GHz, and it was automatically drawn in the input 
frequency set as low frequency from this frequency. 

[0022] Although direct current voltage was impressed between AB(s) of drawing 4 here, you may 
impress the low frequency voltage the spontaneous polarization of a ferroelectricity thin film does not 
follow in whose footsteps. Moreover, the voltage impressed between AB(s) before impressing a control 
voltage should just be the voltage more than the saturation voltage in the hysteresis curve of the amount 
of stored charges. If the voltage more than a saturation voltage is impressed, since the fixed hysteresis 
curve as shown in drawing 2 can be used, the stable oscillation frequency corresponding to a control 
voltage is obtained. Moreover, with [ an absolute value ] a saturation voltage [ more than ], the voltage 
impressed between AB(s) may be a minus side, for example, is good also considering applied voltage as 
-5V. In addition, a control voltage carries out to below a saturation voltage. 

[0023] Moreover, it is good also as composition which impresses a control voltage, impressing the 
aforementioned saturation voltage between AB(s). In this case, a control voltage is impressed between 
AB(s) using another circuit, impressing a saturation voltage between AB(s). In this case, a control 
voltage considers as reversed polarity to a saturation voltage, and it is made for the voltage between AB 
(s) not to exceed a saturation voltage. Also in this composition, the stable oscillation frequency 
corresponding to a control voltage is obtained. 

[0024] In a phase synchronous loop, probably, since the input voltage to VCO oscillates by the free 
running frequency of zero, when the conventional VCO is only transposed to VCO of this invention, 
voltage may not be impressed to a variable-capacity element and the stable oscillation frequency 
corresponding to a control voltage may not be obtained. However, exact operation is attained by 
impressing a control voltage, impressing a control voltage or impressing voltage, once impressing 
voltage between AB(s), as described above. 

[0025] Moreover, when applying VCO of this invention to a phase synchronous loop, it is good also as 
composition which makes the input setting frequency when operating a phase synchronous loop in 
agreement with the oscillation frequency when impressing the above-mentioned saturation voltage to a 
variable-capacity element. In this case, since the voltage equivalent to the above-mentioned saturation 
voltage is automatically impressed to a variable-capacity element, exact operation is attained. And what 
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is necessary is just to set input setting frequency as a desired value after that. 

[0026] As described above, in this invention, a variable-capacity element is connected to an oscillation 
element, by impressing a control voltage between AB(s) of drawing 4 , the impedance between AC is 
changed and change of oscillation frequency is enabled. It is required for VCO of this invention that 
about 1% or more of standardization frequency adjustable width of face should be realizable in the RF 
region around 2GHz, using the about [ 5 V less than ] low battery used with the cellular phone etc. as a 
control voltage. Then, in order to satisfy such a demand, the property needed for a variable-capacity 
element is considered. 

[0027] As mentioned above, the impedance change between AC when changing the control voltage 
between AB(s) of drawing 4 is shown in drawing 6 . In drawing 6 , curves 29, 30, and 31 express the 
frequency response of impedance imaginary part in case control voltages are 3.5V, 1.3V, and -0.5V, 
respectively. As shown in drawing 6 , when the same frequency compares, impedance imaginary part 
falls as a control voltage increases. If based on the frequency response curve in the state where a 
variable-capacity element is not connected, a frequency response curve will move to the perpendicular 
direction in drawing mostly with increase of a control voltage at parallel. And the degree of a fall of the 
impedance imaginary part by this parallel displacement is dependent on the property of the 
ferroelectricity thin film of a variable-capacity element, or an antiferroelectricity thin film. Specifically, 
it will become peculiar to the voltage-standardization capacity curve shown in drawing 3 . This voltage- 
standardization capacity curve is dependent on composition of a thin film, crystallinity, thickness, etc. 
[0028] The frequency response curve of impedance imaginary part is typically shown in drawing 14 . A 
curve 301 is the case where a variable-capacity element is not connected, and calls this a criteria curve 
on these specifications. A curve 302 is the case of control-voltage-0.5V and the amount of parallel 
displacements from a criteria curve (the amount of falls) is d-0.5ohms. A curve 303 is the case of 
control- voltage 3.5 V, and the amount of parallel displacements from a criteria curve (the amount of 
falls) is d3.5ohm. Control voltage in a variable-capacity element - The standardization frequency 
adjustable width of face by making it change between 0.5-3. 5V is expressed with (lambda max-lambda 
min) / lambdamax. Since oscillation frequency is the frequency corresponding to an impedance value 
equal to the reactance Xc of an active circuit, the frequency from which impedance imaginary part is set 
to 50 ohms (general value of Xc of an active circuit) is used for it here. Therefore, lambdamin is the 
frequency corresponding to 50 ohms in a curve 302, and lambdamax is the frequency corresponding to 
50 ohms in a curve 303. In an about 2GHz RF region, to lambda max-lambda min, since lambdamax is 
remarkable and large, standardization frequency adjustable width of face will be substantially 
determined in the size of lambda max-lambda min. 

[0029] In drawing 14 , the value which standardized d3.5-d-0.5 by d-0.5, /d-0.5 [ i.e., (d3.5-d-0.5), ], is 
called standardization change width of face of impedance imaginary part on these specifications. (d3.5- 
d-0.5) / d-0.5 is values closely correlated with lambda max-lambda min. Although d3.5 and d-0.5 
change depending on the electrode area of a variable-capacity element when a variable-capacity element 
equipped with a specific ferroelectricity thin film or a specific antiferroelectricity thin film is connected, 
(d3.5-d-0.5) / d-0.5 is not based on electrode area, but becomes fixed. d3.5 and d-0.5 become large, so 
that the electrode area of a variable-capacity element is small, when (d3.5-d-0.5) / d-0.5 is fixed. 
Although lambda max-lambda min will become large and standardization frequency adjustable width of 
face will become large while lambdamax and lambdamin move to a RF side if an impedance response 
curve is a straight line, and d3.5 and d-0.5 increase under the conditions that (d3.5-d-0.5) / d-0.5 is 
certain, as for an impedance response curve, an inclination increases like a RF side in fact. For this 
reason, when the electrode area of a variable-capacity element becomes to some extent small, lambda 
max-lambda min will go to reduction. On the other hand, d3.5 and d-0.5 become small, so that electrode 
area becomes large. If d3.5 and d-0.5 decrease under the conditions that (d3.5-d-0.5) / d-0.5 is certain, 
while lambdamax and lambdamin will move to a low frequency side, lambda max-lambda min becomes 
small and standardization frequency adjustable width of face becomes small. 

[0030] Therefore, the greatest standardization frequency adjustable width of face will be obtained by 
choosing the electrode area of a variable-capacity element suitably. For example, when the electrode of 
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14-micrometer angle is prepared, it becomes d3.5=199ohm, d-0.5=109ohm, (d3.5-d-0.5) / d-0.5=0.82, 
lambdamax=2.042GHz, lambdamin=2.020GHz, and standardization frequency adjustable width-of-face 
=1.09%. On the other hand, when the electrode of 10-micrometer angle is prepared, it becomes 
d3.5=392ohm, d-0.5=215ohm, (d3.5-d-0.5) / d-0.5=0.82, lambdamax=2.063GHz, 
lambdamin=2.045GHz, and standardization frequency adjustable width-of-face =0.88%. Moreover, 
when the electrode of 30-micrometer angle is prepared, it becomes d3.5=43.7ohm, d-0.5=23.9ohm, 
(d3.5-d-0.5) / d-0.5=0.82, lambdamax=1.989GHz, lambdamin=1.978GHz, and standardization 
frequency adjustable width-of-face =0.56%. That is, in the three above-mentioned examples, except 
when the electrode of 14-micrometer angle is prepared, 1% or more of standardization frequency 
adjustable width of face cannot be obtained. 

[0031] (d3.5-d-0.5) / d-0.5 [ in addition, ] Since the electrode area from which it is determined by the 
property of the ferroelectricity thin film of a variable-capacity element or an antiferroelectricity thin 
film, and the greatest standardization frequency adjustable width of face is obtained changes 
corresponding to the value of (d3.5-d-0.5) / d-0.5, Control voltage - What is necessary is just to ask for 
the electrode area which gives the greatest standardization frequency adjustable width of face at the time 
of 0.5-3. 5 V according to the property of the ferroelectricity thin film of a variable-capacity element, or 
an antiferroelectricity thin film. However, if (d3.5-d-0.5) / d-0.5 is too small, although a suitable 
electrode area is chosen, it will become difficult to enlarge lambda max-lambda min. It sets for the 
oscillation element which specifically has an impedance characteristic equivalent to the oscillation 
element (a surface-acoustic-wave resonator or piezo-electric bulk oscillating element) using the PZT 
epitaxial film or KNb03 single crystal as a piezoelectric material, and is a control voltage. - When 
referred to as 0.5-3. 5 V, in order to make standardization frequency adjustable width of face into 1% or 
more, it is desirable that (d3.5-d-0.5) / d-0.5 is 0.76 or more. When (d3.5-d-0.5) / d-0.5 is too large, the 
frequency domain to which the inclination of a frequency response curve becomes large will be used, 
and the real part of an impedance increases and it becomes impossible on the other hand, to fill 
oscillation condition R(V)+Re(w) <|Rc| with this frequency domain. Therefore, in the frequency domain 
with which the value of (d3.5-d-0.5) / d-0.5 is satisfied of the above-mentioned oscillation conditions, 
desired standardization frequency adjustable width of face should just be obtained. For example, when 
the oscillation element illustrated here is used, in order to make standardization frequency adjustable 
width of face into 1% or more, it is desirable that (d3.5-d-0.5) / d-0.5 is 1 .35 or less. 
[0032] Furthermore, the above-mentioned principle of operation shows that standardization frequency 
adjustable width of face can be enlarged, so that the inclination of the frequency response curve of 
impedance imaginary part is small. The inclination of a frequency response curve is in inverse 
proportion to the electromechanical coupling coefficient k2 of the piezoelectric material of an oscillation 
element. In a thin film, a PZT epitaxial film is the maximum, and KNb03 of k2 of piezoelectric material 
is the maximum in a single crystal. Therefore, standardization frequency adjustable width of face can be 
enlarged by using such piezoelectric material. 

[0033] The example of VCO which used the surface-acoustic-wave resonator for 2nd example drawing 
7 as an oscillation element is shown. 

[0034] This VCO has the Si substrate 2 and has the ferroelectricity and the piezoelectric thin films 51 
and 52 which consist of the buffer layer 3 which consists of a silicon-oxide layer / a zirconium-oxide 
layer / a barium-titanate layer on the Si substrate 2, a ground electrode 4 which consists of platinum, and 
PZT. A ferroelectricity differs in thickness from the piezoelectric thin films 51 and 52. On a 
ferroelectricity and the piezoelectric thin film 51, the up electrode 61 which consists of Au is formed, 
and the Kushigata electrode 63 which consists of aluminum, respectively, and the strip reflector (not 
shown) are prepared on the ferroelectricity and the piezoelectric thin film 52. 

[0035] A ferroelectricity and the piezoelectric thin films 51 and 52 formed the ferroelectricity and the 
piezoelectric thin film formed like the 1st example by **********i ng with photo lithography 
technology. The thickness of a ferroelectricity and the piezoelectric thin film 51 is 0.6 micrometers, and 
the thickness of a ferroelectricity and the piezoelectric thin film 52 is 0.7 micrometers. 
[0036] In this VCO, a ferroelectricity and the piezoelectric thin film 51, and the ground electrode 4 and 
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the up electrode 61 that sandwiches this constitute a variable-capacity element. Moreover, a 
ferroelectricity and the piezoelectric thin film 52, and the ground electrode 4 which sandwiches this and 
the Kushigata electrode 63 and a strip reflector constitute a surface-acoustic-wave resonator. In both 
elements, the thickness of a ferroelectricity and a piezoelectric thin film differs, because it optimized for 
each element. Moreover, it is for suppressing the influence on each other to have made the 
ferroelectricity and the piezoelectric thin film become independent in both elements. The size of the up 
electrode 61 is 3 5 -micrometer angle, and line breadth is 0.4 micrometers in the Kushigata electrode 63 
with 15 micrometers of opening length, and a strip reflector. The logarithm of the Kushigata electrode 
63 set the number of 30 and a strip reflector to 100. Distance of the Kushigata electrode 63 and a strip 
reflector was set to 0.8 micrometers by the pitch. The Kushigata electrode 63 and the strip reflector have 
been arranged so that a pitch with the up electrode 61 may be set to 200 micrometers, and they were 
considered so that there might be no influence of the impedance characteristic on the surface-acoustic- 
wave resonator by the up electrode 61 so that the propagation direction of a surface acoustic wave might 
pierce through drawing 7 perpendicularly. 

[0037] In addition, in the Si substrate 2 row shown in drawing 7 , the thin film and electrode on it were 
produced by dividing into a chip using dicing equipment, after forming an electrode and a thin film on 
Si wafer. 

[0038] The undersurface of the Si substrate 2 is pasted up on the base of a package 1 1 by the die bond 
agent 10, and the upper part of a package 1 1 is closed with the lid 13. In the package 1 1, the external 
end-connection children A, B, and C connecting with the exterior existed, and these have connected with 
the output-electrode pad of the up electrode 61, the ground electrode 4, and the Kushigata electrode 63 
electrically through a wire 12, respectively. Moreover, the input-electrode pad of the Kushigata 
electrode 63 is connected to the ground electrode 4 through a wire 12. Also in this VCO, the surface- 
acoustic-wave resonator which are a variable-capacity element and an oscillation element is connected 
in series. 

[0039] It was 4V, when the hysteresis curve of the amount of stored charges was obtained like the 1st 
example and it asked for the saturation voltage about the variable-capacity element of this VCO after 
this. Also in this variable-capacity element, the applied- voltage dependency of capacity as shown in 
drawing 3 exists. 

[0040] Therefore, operation of VCO which carried out the series connection of a variable-capacity 
element and the surface-acoustic-wave resonator becomes the same as operation of the 1st example 
which explained using drawing 4 . Then, after impressing 4V which are the saturation voltage to a 
variable-capacity element, applied voltage (control voltage) was set as 3.5V or -0.5V, and the absolute 
value and imaginary part of an impedance between AC of VCO were measured. A result is shown in 
drawing 8 . In drawing 8 , curves 44 and 45 express the absolute value of an impedance in case applied 
voltage is 3.5V and -0.5V, respectively, and curves 46 and 47 express the imaginary part of an 
impedance in case applied voltage is 3.5V and -0.5V, respectively. 

[0041] When setting the reactance Xc of the active circuit in drawing 4 as 50 ohms which is a general 
value, changing applied voltage from 3.5V to -0.5V here and the frequency which fulfills oscillation 
conditions is estimated from drawing 8 , about 1% and a bird clapper understand standardization 
frequency adjustable width of face. 

[0042] The example of VCO which used the piezo-electric bulk oscillating element for 3rd example 
drawing 9 (E) as an oscillation element is shown. 

[0043] This VCO has the Si substrate 2 in which the diaphram 1 was formed, has the buffer layer 3 
which consists of a silicon-oxide layer / a zirconium-oxide layer / a barium-titanate layer on the Si 
substrate 2, and the ground electrode 4 which consists of platinum in this order, and has the 
antiferroelectricity thin film 53 which consists of PbZr03 on the ground electrode 4 and the up electrode 
61 on it, and the ferroelectricity and the piezoelectric thin film 5 which consists of PZT, and the up 
electrode 62 on it, respectively. A diaphram 1 , and a ferroelectricity and a piezoelectric thin film 5 are 
formed like the 1st example. 

[0044] A ferroelectricity, the piezoelectric thin film 5, and the up electrode 62 exist on a diaphram 1, 
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and constitute a piezo-electric bulk oscillating element in accordance with the ground electrode 4. On 
the other hand, the antiferroelectricity thin film 53 and the up electrode 61 are formed in a part of field 
except a diaphram 1 top, and constitute a variable-capacity element in accordance with the ground 
electrode 4. The up electrode 61 is 30-micrometer angle, and the up electrode 62 is 15-micrometer 
angle. The up electrode 61 is provided in the position which separated 200 micrometers from the edge of 
the up electrode 62 so that there may be no influence of the impedance characteristic on a piezo-electric 
bulk oscillating element. 

[0045] Here, drawing 9 (A) - drawing 9 (D) explain the manufacture process of both elements. First, a 
buffer layer 3, the ground electrode 4, and a ferroelectricity and a piezoelectric thin film 5 are formed 
like the 1st example on the Si substrate 2 in which the diaphram 1 was formed. Subsequently, the 
dielectric thin film 54 which can be etched is formed on a ferroelectricity and the piezoelectric thin film 
5 [ drawing 9 (A)]. Then, except for the field used as a piezo-electric bulk oscillating element, photo 
lithography technology removes the dielectric thin film 54, and a ferroelectricity and a piezoelectric thin 
film 5 [ drawing 9 (B)]. Subsequently, the antiferroelectricity thin film 53 with a thickness of about 0.6 
micrometers is formed on the ground electrode 4 which appeared by removal [ drawing 9 (C)]. Next, 
after etching removes the dielectric thin film 54 which remains on the ferroelectricity and the 
piezoelectric thin film 5, the up electrode 61 is formed on the antiferroelectricity thin film 53, and the up 
electrode 62 is formed on a ferroelectricity and the piezoelectric thin film 5, respectively [ drawing 9 
(D)]. 

[0046] In drawing 9 (E), the inferior surface of tongue of the Si substrate 2 is pasted up on the base of a 
package 1 1 by the die bond agent 10, and the upper part of a package 1 1 is closed with the lid 13. In the 
package 1 1 , the external end-connection children A, B, and C connecting with the exterior existed, and 
these have connected with the up electrode 61, the ground electrode 4, and the up electrode 62 
electrically through a wire 12, respectively. Also in this VCO, the variable-capacity element and the 
piezo-electric bulk oscillating element which is an oscillation element are connected in series. 
[0047] In this VCO, when the external terminal of a package 1 1 was used and about [ peak swing 5V ] 
low frequency voltage was impressed between the up electrode 61 of a variable-capacity element, and 
the ground electrode 4 based on the Sawyer-Tower method, the hysteresis curve 14 of the amount of 
stored charges shown in drawing 10 was obtained. This hysteresis curve is a double hysteresis curve. 
Moreover, the applied-voltage dependency curve of capacity was obtained from the inclination of this 
hysteresis curve 14. After this variable-capacity element impressed low frequency voltage and direct 
current voltage, its aging of a hysteresis curve or capacity was small, and that it is fully equal to practical 
use made it clear. 

[0048] Operation of this VCO becomes the same as operation of the 1st example explained using 
drawing 4 . The piezo-electric bulk oscillating element of this VCO is the same as that of the 1st 
example. In this VCO, after impressing 5V which are the saturation voltage to a variable-capacity 
element, when it changed applied voltage (control voltage) from 5V to 2.5V and the absolute value and 
imaginary part of an impedance between AC of VCO were measured, the same result as drawing 8 was 
obtained. The reactance Xc of an active circuit shown in drawing 4 is set as 50 ohms which is a general 
value, and when the frequency which fulfills oscillation conditions is estimated from drawing 8 , about 
1% and a bird clapper understand standardization frequency adjustable width of face. 
[0049] In addition, even when BaTi03 thin film which is a ferroelectric with a double hysteresis curve 
as a ferroelectricity and a piezoelectric thin film 5 is used, the function same as a variable-capacity 
element is obtained. 

[0050] In the above 1st, the 2nd, and 3rd examples, although one Si substrate is used with both the 
variable-capacity element and the oscillation element in consideration of a miniaturization and 
simplification of a manufacturing process, you may form each element on separate Si substrate. 
Moreover, a ground electrode is common to both elements, and it is good also as composition which 
prepares a ground electrode independently for every element, and carries out the series connection of 
both the elements with a wire etc. Moreover, in each above-mentioned example, although the 
ferroelectricity and the piezoelectric thin film were constituted from PZT, Pb content perovskite 
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ferroelectricity thin film which is indicated by JP,9-321362,A and which carried out c axis orientation 
can also be used. 

[0051] In the 1st example and the 3rd example, although thickness of a diaphram was set to 20 
micrometers, as long as it is the range which can hold a mechanical strength, you may make it still 
thinner. Moreover, after forming a piezoelectric thin film on a diaphram, a diaphram is ********** e d 
from a rear-face side and Si may be removed completely. 

[0052] The example of VCO which used the surface-acoustic-wave resonator for 4th example drawing 

11 as an oscillation element is shown. 

[0053] This VCO has a variable-capacity element and a surf ace-acoustic- wave resonator, and these are 
arranged together with the inside of a package 1 1 . 

[0054] A variable-capacity element has the Si substrate 2, and has the up electrode 61 which consists of 
the buffer layer 3 which consists of a silicon-oxide layer / a zirconium-oxide layer / a barium-titanate 
layer on this, the ground electrode 4 which consists of platinum, the ferroelectricity which consists of 
PZT and a piezoelectric thin film 5, and Au in this order. The size of the up electrode 61 is 35- 
micrometer angle. The diaphram 1, and a ferroelectricity and a piezoelectric thin film 5 were formed like 
the 1 st example. 

[0055] A surface-acoustic-wave resonator has the KNb03 single-crystal substrate 21, and has the 
Kushigata electrode 63 and a strip reflector (not shown) on this. The logarithm of the Kushigata 
electrode 63, the number of a strip reflector, and both pitch are the same as the 2nd example. 
[0056] The Si substrate 2 and the KNb03 single-crystal substrate 21 are pasted up on package 1 1 base 
by the die bond agent 10, and the upper part of a package 1 1 is closed with the lid 13. In the package 11, 
the external end-connection children A, B, and C connecting with the exterior existed, and these have 
connected with the output-electrode pad of the up electrode 61, the ground electrode 4, and the 
Kushigata electrode 63 electrically through a wire 12, respectively. Moreover, the input-electrode pad of 
the Kushigata electrode 63 is connected to the ground electrode 4 through a wire 12. Also in this VCO, 
the surface-acoustic-wave resonator which are a variable-capacity element and an oscillation element is 
connected in series. 

[0057] In this VCO, the variable-capacity element is the same as the variable-capacity element in the 
2nd example. Therefore, the hysteresis curve of the amount of stored charges and the applied-voltage 
dependency of capacity are also the same. Moreover, operation of VCO which connected the variable- 
capacity element and the surface-acoustic- wave resonator in series becomes the same as operation of the 
1st example explained using drawing 4 . 

[0058] Then, after impressing 4V which are the saturation voltage to a variable-capacity element, 
applied voltage (control voltage) was set as 3.5V, 1.3V, and -0.5V, and the absolute value and imaginary 
part of an impedance between AC of VCO were measured. A result is shown in drawing 12 . In drawing 

12 , curves 87, 88, and 89 express the absolute value of an impedance in case applied voltage is 3.5V, 
1.3 V, and -0.5 V, respectively, and curves 90, 91, and 92 express the imaginary part of an impedance in 
case applied voltage is 3.5V, 1.3V, and -0.5V, respectively. 

[0059] When setting the reactance Xc of the active circuit in drawing 4 as 50 ohms which is a general 
value, changing applied voltage from 3.5V to -0.5V here and the frequency which fulfills oscillation 
conditions is estimated from drawing 12 , about 1.2% and a bird clapper understand standardization 
frequency adjustable width of face. 

[0060] The composition of each part of a variable-capacity element, next the composition of each part of 
the variable-capacity element in VCO of this invention are explained more to a detail. 
[0061] Although especially the material of the substrate used by the substrate this invention is not 
limited, a single crystal is used preferably. Specifically, although any, such as semiconductors, such as 
insulators, such as a magnesia, a strontium titanate, sapphire, a zirconia, a stabilized zirconia, a lithium 
niobate, and a lithium tantalate, and gallium arsenide, silicon, may be used, Si single crystal is used 
preferably. When it uses so that the field (100) of Si single crystal may turn into a substrate front face 
especially, the functional epitaxial film which was excellent in the property can be formed. Moreover, 
since it is used widely by the semiconductor device, Si is suitable when composite-izing VCO of this' 
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invention with other semiconductor devices. Moreover, since the coefficient of thermal expansion of a 
substrate is in agreement even when using it combining other semiconductor devices, it is desirable. For 
example, since 1 figure of coefficients of thermal expansion of a MgO substrate differs from Si, they are 
unsuitable for such a use. Moreover, Si is comparatively cheap. 

[0062] In VCO of a ferroelectricity thin film and an antiferroelectricity thin film this invention, in the 
voltage of about several volts used with cellular phones, such as IMT2000 system, etc., in order to 
operate a variable-capacity element using the dielectric constant change by spontaneous-polarization 
change, a thin film is used as a ferroelectric and an antiferroelectric crystal. For example, since it is thin 
to 200 micrometers or more from the limit of processing technology when using a bulk single crystal, on 
the voltage of about several volts, the dielectric constant change by spontaneous-polarization change 
cannot be used. Although what is necessary is just to set up suitably the thickness of the ferroelectricity 
thin film used for a variable-capacity element in this invention, and an antiferroelectricity thin film so 
that the dielectric constant change by spontaneous-polarization change can be used, namely, so that for 
example, the aforementioned saturation voltage may become about 1-9V when the voltage of about 
several volts is impressed, it is usually desirable to be referred to as 0.1-20 micrometers. 
[0063] As for the ferroelectricity thin film and antiferroelectricity thin film which are used for a 
variable-capacity element at least, in this invention, it is desirable that it is the epitaxial film explained 
below. As indicated by Jpn. J. Appl.Phys. Vol.36 (1997) pp.6069-6072 Although direct current voltage, or 
the dielectric constant and the piezo-electric property after low frequency voltage impression changes 
with sizes of applied voltage and the conventional ferroelectricity thin film, for example, the PZT thin 
film produced by the sol gel process, has a problem in repeatability In the epitaxial film explained 
below, as shown in the aforementioned example, neither a dielectric constant nor a piezo-electric 
property is influenced by direct current voltage or low frequency voltage impression, but good 
repeatability is obtained. 

[0064] Hereafter, the ferroelectricity thin film and antiferroelectricity thin film which are an epitaxial 
film are named a functional epitaxial film generically. 

[0065] Although what is necessary is just to choose from what especially the material used for a 
functional epitaxial film is not limited, but has a ferroelectricity or antiferroelectricity suitably, the 
following material is suitable, for example. 

[0066] (A) Perovskite die materials : BaTi03 ;P Pb system perovskite compound;Bi system perovskite 
compounds, such as bTi03, a rare-earth-elements content lead titanate, PZT (zircon lead titanate), and 
PLZT (zircon titanic-acid lanthanum lead) etc. The above simplicity, composite, various stratified 
perovskite compounds. 

[0067] (B) Tungsten-bronze die materials : tungsten-bronze type oxides, such as SBN (niobic-acid 
strontium barium) and PBN (niobic-acid lead barium) etc. 

[0068] (C) YMn03 system material : the oxide which has hexagonal system YMn03 structure including 
rare earth elements (Sc and Y are included), and Mn and O. For example, YMn03, HoMn03 grade. 
[0069] Hereafter, such material is explained more to a detail. 

[0070] Generally BaTi03, Pb content perovskite compound, etc. are expressed with a formula AB03 
among perovskite die materials. Here, A and B express a cation respectively. As for A, it is desirable 
that they are one or more sorts chosen from calcium, Ba, Sr, Pb, K, Na, Li, La, and Cd, and, as for B, it 
is desirable that they are one or more sorts chosen from Ti, Zr, Ta, and Nb. 

[0071] Atomic-ratio A/B in such a perovskite type compound is 0.8-1.3 preferably, and is 0.9-1.2 more 
preferably. 

[0072] Since it becomes possible to be able to secure the insulation of a dielectric and to improve 
crystallinity by making A/B into such a range, a dielectric property or strong dielectric characteristics is 
improvable. On the other hand, less than by 0.8, if it becomes impossible to desire an improvement 
effect of crystallinity [ A/B ] and A/B surpasses 1.3, formation of a homogeneous thin film will become 
difficult. 

[0073] Such A/B is realized by controlling membrane formation conditions. Moreover, the ratio of O in 
AB03 is not limited to 3. Since there are some which construct the perovskite structure stabilized in an 
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oxygen defect or hyperoxia depending on perovskite material, in ABOx, the value of x is usually 2.7 to 

about 3.3. In addition, A/B can be calculated from an X-ray fluorescence analysis. 

[0074] As an AB03 type perovskite compound used by this invention A A1+B5+03, A2+B4+03, and 

A3+B3+ - 03, AXB03, A (B'0.67B"0.33)O3, A (B'0.33B"0.67)O3, A (B0.5+3B0.5+5)O3, and A 

(B0.52+B0.56+)O3 - (B0.51+B0.57+) You may be any of 03, A3+(B0.52+B0.54+) 03, A 

(B0.251+B0.755+)O3, A (B0.53+B0.54+)O2.75, and A(B0.52+B0.55+) 02.75 grade. 

[0075] Specifically, they are Pb system perovskite compounds, such as PZT and PLZT, CaTi03, 

BaTi03, PbTi03, KTa03, BiFe03, NaTa03, SrTi03, CdTi03, KNb03, LiNb03 and LiTa03, these 

solid solutions, etc. 

[0076] In addition, Above PZT is the solid solution of PbZr03-PbTi03 system. Moreover, Above PLZT 
is the compound with which La was doped by PZT, and if the notation of AB03 is followed, it is shown 
by O(Zr(Pb0.89-0.91La 0.1 l-0.09)0.65Ti0.35) 3. 

[0077] Moreover, generally Bi system stratified compound is a formula among stratified perovskite 
compounds. It is expressed with Bi2Am-lBm03m+3. In the above-mentioned formula, m is the integer 
of 1-5, A is either Bi, calcium, Sr, Ba, Pb, Na, K and rare earth elements (Sc and Y are included), and B 
is either Ti, Ta and Nb. Specifically, Bi4Ti 3012, SrBi2Ta 209, SrBi2Nb 209, etc. are mentioned. In 
this invention, any of these compounds may be used and these solid solutions may be used. 
[0078] The perovskite type compound with desirable using for this invention A titanate or a titanate 
content perovskite type compound, BaTi03 and SrTi03, PLZT, [ for example, ] They are PZT, CaTi03, 
PbTi03 (lead titanate), a rare-earth-elements content lead titanate, etc. More desirable things are 
BaTi03, SrTi03, PZT, PbTi03, and a rare-earth-elements content lead titanate. especially a desirable 
thing It is the rare-earth-elements content lead titanate which contains O in R (at least one sort of rare 
earth elements as which R was chosen from Pr, Nd, Eu, Tb, Dy, Ho, Yb, Y, Sm, Gd, Er, and La), Pb, 
and Ti row. 

[0079] As such a rare-earth-elements content lead titanate, what has the percentage of an element in the 
range of (Pb+R)/Ti=0.8-1.3 and Pb/(Pb+R) =0.5-0.99 is desirable. The rare-earth-elements content lead 
titanate of this composition is indicated by JP,10-17394,A. 

[0080] As tungsten-bronze die materials, the tungsten-bronze die materials of Landolt-BoernsteinVol.16 
publication of the collection of ferroelectric material are desirable. Specifically, Nb (Ba, Sr) 206, Nb 
(Ba, Pb)206, PbNb 206, PbTa 206, BaTa 206, PbNb 401 1, SrNb 206, BaNb206 grades, and these 
solid solutions are desirable, and SBN {(Ba, Sr )Nb 206} and PBN {(Ba, Pb )Nb 206} are desirable 
especially. 

[0081] YMn03 system material can be expressed with a chemical formula RMn03. As for R, it is 
desirable that they are one or more sorts chosen from rare earth elements (Sc and Y are included). 
Atomic-ratio R/Mn in YMn03 system material is 0.8-1.2 preferably, and is 0.9-1.1 more preferably. 
Since it becomes possible to be able to secure insulation and to improve crystallinity by making it such a 
range, strong dielectric characteristics are improvable. On the other hand, there is an inclination for 
crystallinity to fall, in the range in which atomic-ratio R/Mn exceeds less than 0.8 and 1.2. Moreover, 
especially in the range in which atomic-ratio R/Mn exceeds 1.2, a ferroelectricity is not acquired, but 
there is an inclination which becomes a usual state dielectric property, and the application to the element 
using polarization may become impossible. R/Mn of such a range is realizable by controlling membrane 
formation conditions. In addition, R/Mn can be calculated by X-ray fluorescence. The specific inductive 
capacity of YMn03 system material is ten to about 100 in ten to about 50, and a thin film at bulk. 
[0082] The crystal structure of the YMn03 system material with desirable using for this invention is the 
thing of hexagonal system. 

[0083] That in which YMn03 system material has the crystal structure of hexagonal system, and a thing 
with the crystal structure of orthorhombic system exist. In order to acquire a ferroelectricity, it is 
necessary to consider as the crystal material of hexagonal system. Specifically, composition is what is 
YMn03, HoMn03, ErMn03, YbMn03, TmMn03, and LuMn03 substantially, these solid solutions, 
etc. 

[0084] As for a functional epitaxial film, it is desirable to have the perovskite crystal structure and to 
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have orientation at least (001). (001) As for many of PbTi03 system material which <001> shafts are 
perpendicular to the field inboard of a functional epitaxial film, and has the crystal structure of a 
perovskite system, it is more desirable that a ferroelectricity is a single (001) orientation film with a field 
(001) parallel in a film surface in orientation since it is obtained with <001> shafts. 
[0085] In addition, the single orientation film in this specification means the thing of the crystallization 
film with which the target crystal face is equal to a substrate front face and parallel, concrete — for 
example, a single (001) orientation film, i.e., a c-th page single orientation film, — membranous 2 theta- 
theta X diffraction — setting ~ 1 0% or less of the maximum peak intensity of field (00L) reflection of 
reflectivity other than a field (00L) — desirable — 5% or less of thing — it is . in addition, this 
specification ~ setting (00L) « etc. (002) etc. — it is the display which names an equivalent field 
generically (001) 

[0086] The epitaxial film in this specification is a crystallization film with which the target crystal face 
is equal to a substrate front face and parallel, and when the inside of a film surface is made into a X-Y 
side and the Z-axis is set as the direction of thickness, the crystal is gathering and carrying out 
orientation to both the X-axis, a Y-axis, and Z shaft orientations. It is necessary to be specifically the 
single orientation film described above in the first place. RHEED evaluation needs to show a spot or a 
streak pattern to the second. It can be called an epitaxial film if these conditions are satisfied. In 
addition, RHEED is a reflective high-speed electron diffraction (Reflction High Energy Electron 
Diffraction), and RHEED evaluation is the index of the orientation of the crystallographic axis in a film 
surface. 

[0087] However, in this invention, the crystal of the orientation which is parallel in a film surface may 
be intermingled into the orientation (001) crystal. (100) Although an orientation crystal may form 90- 
degree domain and decreases spontaneous polarization slightly in this case, it does not become a serious 
obstacle. Moreover, if 90-degree domain is formed, since the stress in a thin film will decrease, it is 
sometimes effective for improvement in a ferroelectric property. As for the peak intensity ratio in an X 
diffraction, it is usually desirable that (100)/(001) is three or less. 

[0088] In addition, it shall be included by the epitaxial film defined in this specification, when the 
intermingled crystal is orientation (100), even if it is not single (001) orientation. 10% or less of the 
maximum peak intensity of the field which the peak intensity of reflection of things other than two fields 
made into the purpose makes the purpose with the epitaxial film in this case when measurement by the 
X diffraction is performed in the first place — desirable — 5% or less ~ it is necessary to be . concrete — 
membranous 2 theta-theta X diffraction — setting - peak intensity other than a field (00L) and (H00) a 
field - 10% or less of the maximum peak intensity of a field (00L) or (H00) a field — desirable — 5% or 
less - it is . RHEED evaluation needs to show a spot or a streak pattern to the second. If these 
conditions are satisfied, suppose that it is the epitaxial film defined in this specification, in addition, this 
specification » setting (H00) - etc. (200) etc. ~ it is the display which names an equivalent field 
generically (100) 

[0089] The desirable crystallographic-axis orientation relationship of the functional epitaxial film in the 
case of using Si (100) substrate and Si (100) substrate is as follows. In addition, Si is a cubic. When the 
functional epitaxial film of a perovskite structure is single (001) orientation, they are perovskite [100]// 
Si [010]. Moreover, when orientation (001) and orientation (100) are intermingled, functional epitaxial 
films are perovskite [100]// Si [010] about a perovskite (001) orientation crystal, and are perovskite 
[001]// Si [010] about a perovskite (100) orientation crystal. That is, as for a functional epitaxial film 
and Si substrate, it is desirable that the shafts which exist in a field are parallel. 

[0090] It is desirable to prepare a buffer layer between a buffer-layer substrate and a functional epitaxial 
film, as shown in the aforementioned example. Moreover, when preparing a ground electrode, as for a 
buffer layer, preparing between a ground electrode and a substrate is desirable, the [ the 1st buffer layer 
which explains a buffer layer below, and/or ] - it is desirable that 2 buffer layers are included 
[0091] (The 1st buffer layer) The 1st buffer layer has the perovskite crystal structure expressed with said 
formula AB03. As A, one or more sorts of calcium, Ba, Sr, Pb, K, Na, Li, La, and Cd, especially Ba or 
Sr is desirable, and one or more sorts, especially Ti of Ti, Zr, Ta, and Nb are desirable as B. That is, as 
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for the 1st buffer layer, it is desirable to make a barium titanate or a strontium titanate into a principal 
component. 

[0092] atomic-ratio A/B in the 1st buffer layer - desirable - 0.8-1.3 - it is 0.9-1.2 more preferably Less 
than by 0.8, if it becomes impossible to desire an improvement effect of crystallinity [ A/B ] and A/B 
exceeds 1.3, formation of a homogeneous thin film will become difficult. It can ask for the composition 
ratio of A/B by X-ray fluorescence. The ratio of O in AB03 should just be in the range not only of 3 but 
2.7-3.3, as described above. 

[0093] It is desirable that the c-th page carries out orientation to single (001) orientation, i.e., a substrate 
front face, and parallel individually when it is a tetragonal phase, and when it is a cubic, it is desirable 
that the a-th page carries out orientation to single (100) orientation, i.e., a substrate front face, and 
parallel individually, and even when it is any, it is more desirable [ the 1st buffer layer ] that it is an 
epitaxial film. Moreover, as for the orientation relationship of the 1st buffer layer and Si (100) substrate, 
it is desirable that they are tetragonal [100]// Si [010], or cubic [010]//Si [010]. That is, as for a buffer 
layer and a substrate, it is desirable that shafts are parallel in a field. Such a laminated structure is 
effective for raising the crystallinity of the ground electrode further formed on this structure, or a 
functional epitaxial film, and forming these as a single orientation film or an epitaxial film. Since the 1 st 
buffer layer has good grid adjustment with a functional epitaxial film, a crystalline functional high 
epitaxial film is obtained. 

[0094] (The 2nd buffer layer) When preparing the 1st buffer layer and the 2nd buffer layer, the 2nd 
buffer layer is prepared between a substrate and the 1st buffer layer. The 2nd buffer layer is constituted 
from a zirconium-oxide system thin film explained below, or consists of this and a rare earth oxide 
system thin film explained below. In addition, when preparing both thin films, a rare earth oxide system 
thin film is prepared in a functional epitaxial film side. 

[0095] A zirconium-oxide system thin film makes a principal component the zirconium oxide (stabilized 
zirconia) which made the zirconium oxide the principal component or was stabilized by rare earth 
elements (Sc and Y are included). By preparing this thin film, ablation of the 1st buffer layer prepared 
on it or a functional epitaxial film can be prevented. Moreover, since this thin film has good grid 
adjustment with the 1st buffer layer which consists of a barium titanate etc., it can form a crystalline 
functional high epitaxial film as a result. 

[0096] A zirconium oxide and a stabilized zirconia have the desirable thing of the composition 
expressed with Zrl-xRx02-delta (R is the rare earth elements containing Sc and Y, and is x= 0 to 0.75, 
and delta=0-0.5). About the reason for limitation of x and delta, it mentions later. It is desirable that it is 
at least one sort chosen from Pr, Ce, Nd, Gd, Tb, Dy, Ho, and Er as R. 

[0097] As for a zirconium-oxide system thin film, it is desirable to have single crystal orientation. Since 
a grain boundary exists in the thin film which has two or more crystal faces, this is because the 1st 
buffer layer on it and epitaxial growth of a functional epitaxial film become impossible. Specifically, 
when it is a tetragonal phase or monoclinic system and is single (001) orientation and a cubic, it is 
desirable that it is single (100) orientation, and even when it is any, it is more desirable that it is an 
epitaxial film. If such a good crystalline zirconium-oxide system thin film can be formed, the 
disturbance of the physical quantity by the grain boundary etc. will be lost, and the 1st good buffer layer, 
a ground electrode, and a functional epitaxial film will be obtained on a zirconium-oxide system thin 
film. 

[0098] When Si (100) substrate front face is reached the 2nd buffer layer (Zrl-xRx02-delta) and the 
laminating of the 1st buffer layer (BaTi03) is carried out one by one, as for these orientation 
relationships, it is desirable that they are BaTiO3(001)//Zrl-xRxO2-delta(001)// Si (100), and BaTi03 
[100]//Zrl-xRxO2-delta[100]// Si [010]. this ~ the [ the 2nd buffer layer and ] - although it is the case 
where each of 1 buffer layers is tetragonal phases, even when these thin films are cubics, it is the same at 
the point that it is desirable that shafts are parallel in a field 

[0099] When it is going to obtain the BaTi03 epitaxial film of orientation (001), in the analogy from the 
conventional examples, such as YBCO, the orientation relationship BaTiO3(001)//Zrl-xRxO2-delta 
(001)// Si (100), And it is set to BaTi03 [1 10]//Zrl-xRxO2-delta[100]// Si [010], and it is presumed that 
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45 degrees rotates within the c-th page to the grid of Zrl-xRx02-delta, and the unit lattice of BaTi03 
can take adjustment of a grid, and grows epitaxially. However, according to the experiment of this 
invention persons, such an orientation relationship is difficult to constitute and it found out growing 
epitaxially by the relation between BaTiO3(001)//Zrl-xRxO2-delta(001)// Si (100), and BaTi03 
[100]//Zrl-xRxO2-delta[100]// Si [010]. Since the a-axis of a Zrl-xRx02 -delta film is 0.52nm and the a- 
axis of BaTi03 film is 0.40nm, in the relation between BaTi03 [1 10]//Zrl-xRxO2-delta[100]// Si [010] 
which rotates and carries out grid adjustment in 45-degree side, misfit becomes 8.4%. on the other hand, 
in BaTi03 [100]//Zrl-xRxO2-delta[100]//Si [010] found out in the experiment by this invention persons 
The a-th page of BaTi03 crystal and the a-th page of a Zrl-xRx02-delta crystal are adjusted as they are, 
without rotating, and BaTi034 grid (0.40x4=1. 60[nm]) adjusts it to Zrl-xRx02-delta3 grid 
(0.52x3=1. 56[nm]) in this case. At this time, misfit is 2.6% and is matched well. Thus, epitaxial BaTi03 
film of orientation (001), i.e., the 1st buffer layer excellent in crystallinity, can be obtained by using the 
relation between BaTi03 [100]//Zrl-xRxO2-delta[100]// Si [010]. 

[0100] Zr02 It applies to a room temperature from an elevated temperature, and cubic -> tetragonal -> 
monoclinic system and phase transition are produced. It is the stabilized zirconia which added rare earth 
elements in order to stabilize a cubic. It depends for the crystallinity of a Zrl-xRx02 -delta film on the 
range of x. x becomes a tetragonal phase or a monoclinic system crystal in the composition region which 
is less than 0.2 as reported to Jpn.J.Appl.Phys.27(8) L1404-L1405 (1988). Until now, in 0.2 or more 
cubic fields, the epitaxial film of single orientation is obtained for x. However, although x is a cubic in 
the field exceeding 0.75, single orientation is not acquired but the crystal of orientation (1 1 1) mixes it, 
for example (100). On the other hand, in the field used as a tetragonal phase or monoclinic system, 
orientation sides other than what it is going to obtain mix, and the epitaxial film of single orientation is 
not obtained as stated also to J.Appl.Phys. 5 8(6)2407-2409 (1985). 

[0101] Therefore, as for x, from the point of crystal orientation, it is desirable in Zrl-x Rx 02-delta that 
it is 0.2-0.75. The more desirable ranges of x in this case are 0.2-0.50. If a zirconium-oxide system thin 
film is an epitaxial film, it will be easy to grow epitaxially the 1st buffer layer formed on it, a ground 
electrode, and a functional epitaxial film. 

[0102] In order for the rare earth elements which the stabilized zirconia which constitutes a zirconium- 
oxide system thin film contains to make the lattice constant of the thin film prepared on the lattice 
constant of a substrate, and a zirconium-oxide system thin film, and the lattice constant of a zirconium- 
oxide system thin film match preferably, the kind and addition are chosen. For example, as for with an 
above-mentioned lattice constant of 0.52nm Zrl-xRx02-delta, R is Y and x is the thing of 0.3. Although 
a lattice constant is changeable if x is changed with the kind of R fixed, the field of matching in change 
of only x which can be adjusted is narrow. Here, if it changes to Y and Pr is used, it is possible to 
enlarge a lattice constant and matching with BaTi03 crystal of the 1st buffer layer can be optimized. 
[0103] In addition, although the zirconium oxide which does not include an oxygen defect is expressed 
with a chemical formula Zr02, it becomes the range in which the amount of oxygen changed and 
usually described above delta in Zrl-xRx02-delta with the kind, amount, and valence of the rare earth 
elements which added the zirconium oxide which added rare earth elements. 

[0104] In Zrl-xRx02-delta, as mentioned above, crystallinity did not become fitness, and good front- 
face nature was not obtained in the field whose x is less than 0.2, and especially the composition region 
of a high grade where the ratio of Zr in the composition element except oxygen exceeds 93-mol%, 
either. However, by applying the manufacture method indicated by aforementioned JP,10-17394,A as a 
result of this invention persons' repeating examination, epitaxial growth of the above-mentioned single 
orientation and the above-mentioned further was attained, and they also understood front- face nature 
that a bird clapper is good. There is a merit which is described below in Zr02 film of a high grade. 
[0105] Insulation resistance also becomes high, so that the purity of Zr02 is so high that the ratio of Zr 
in the composition element except oxygen is high, and a leakage current is also small, and Zr02 film of 
a bird clapper to a high grade is desirable when it needs an insulating property. Moreover, since the 
hysteresis of the C-V property of seeing when YSZ (Y stabilized zirconia) is used as an insulator is lost 
when Zr02 is used as an insulator in metal 1 insulator 1 semiconductor structure (MIS structure), an 
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interface property is excellent as an MIS element. It is possible that the stress generated by the 
difference in a coefficient of thermal expansion between Si substrate and a zirconium-oxide system thin 
film is eased by the phase transition of Zr02 as this reason, and that there are few oxygen defects of 
Zr02. Since stress was not eased since there was no phase transition, and YSZ has added rare earth 
elements, it has many oxygen defects. 

[0106] therefore — when good crystallinity and front-face nature are obtained, so that the ratio of Zr in 
the composition element except the oxygen in a zirconium-oxide system thin film is high — desirable — 
concrete -- desirable — 93mol% ** — more — desirable - more than 95mol% -- further — desirable -- 
more than 98mol% — it is more than 99.5mol% most preferably In addition, oxygen and the composition 
element except Zr are usually rare earth elements, P, etc. Now, the upper limit of the ratio of Zr is about 
99.99mol%. Moreover, with the present high grade-ized technology, since separation with Zr02 and 
Hf02 is difficult, the purity of Zr02 has usually pointed out the purity in Zr+Hf. Therefore, although the 
purity of Zr02 in this specification is the value computed by having considered that Hf and Zr were 
these elements, since Hf02 functions completely like Zr02 in the zirconium-oxide system thin film in 
this invention, a problem does not have it. 

[0107] In addition, when forming the 2nd buffer layer, the oxygen in the 2nd buffer layer is spread near 
the front face of Si single crystal substrate, near a substrate front face oxidizes shallowly (for example, 
about 5nm or less), and oxidizing zones, such as Si02, may be formed. Moreover, depending on the 
method of membrane formation, Si oxide layer may remain on Si substrate front face at the time of the 
2nd buffer stratification. In the aforementioned example, the silicon-oxide layer of the buffer layer of a 
three-tiered structure which exists in a substrate side most is carried out in this way, and is formed. 
[0108] Next, a rare earth oxide system thin film is explained. 

[0109] As described above, when the stabilized zirconia described above as the 2nd buffer layer is used, 
a hysteresis is seen by the C-V property and it is inferior to a Zr02 high-grade film in this point. In this 
case, the hysteresis of a C-V property can be abolished by carrying out the laminating of the rare earth 
oxide system thin film on a zirconium-oxide system thin film. Moreover, matching of the grid 
adjustment between functional epitaxial films becomes better by carrying out the laminating of the rare 
earth oxide system thin film. 

[0110] In addition, a rare earth oxide system thin film is formed on a zirconium-oxide system thin film 
because the film of single (001) orientation or single (100) orientation cannot be formed but it becomes 
the film of cubic orientation (111) only by the rare earth oxide system thin film. 
[0111] As for a rare earth oxide system thin film, it is desirable to consist of substantially rare earth 
oxides of Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu which contain at least one sort 
of Ce, Pr, Nd, Gd, Tb, Dy, Ho, and Er especially at least one sort. In addition, the ratio is arbitrary when 
using two or more sorts of rare earth elements. 

[0112] When the laminating of the rare earth oxide system thin film is carried out, an element 
distribution may be a uniform film and a zirconium-oxide system thin film may be an inclination 
structure film from which composition changes in the direction of thickness. When considering as an 
inclination structure film, while applying to a rare earth oxide system thin film side from a substrate side 
and increasing gradually or gradually the rare-earth-elements content in a zirconium-oxide system thin 
film, Zr content is decreased gradually or gradually. By considering as such an inclination structure film, 
it becomes easy for the misfit of the grid between a zirconium-oxide system thin film and a rare earth 
oxide system thin film to become small, or to stop existing, and to make a rare earth oxide system thin 
film into the epitaxial film of high crystallinity. 

[0113] In addition, as for the rare earth elements added to a rare earth oxide system thin film, it is 
desirable to use the same thing as the rare earth elements added to a zirconium-oxide system thin film. 
[0114] You may introduce an additive into a zirconium-oxide system thin film and a rare earth oxide 
system thin film for a property improvement. For example, if alkaline-earth elements, such as calcium 
and Mg, are doped to these thin films, a membranous pinhole can decrease and leak can be suppressed. 
Moreover, aluminum and Si are effective in raising membranous resistivity. Furthermore, transition- 
metals elements, such as Mn, Fe, Co, and nickel, can form the level (trap level) by the impurity into a 



http ://www4 . ipdl jpo . go .j p/cgi-bin/tran_web_cgi_ejj e 



8/21/2003 



Page 16 of 17 



film, and conductive control is attained by using this level. 

[0115] The ground electrode prepared by sticking to a functional epitaxial film between a ground 
electrode substrate and a functional epitaxial film functions as a lower electrode for constituting 
structure required for the electrode for functional epitaxial films, and device application of a functional 
epitaxial film. 

[0116] Although it is desirable to consist of metals as for a ground electrode, you may be the oxide and 
the conductive perovskite oxide containing In, and it is good also as composition which carried out the 
laminating of a metal membrane and the oxide film. As a metal, the metal simple substance and alloy 
containing at least one sort of Pt, Ir, Os, Re, Pd, Rh, and Ru are desirable. As the oxide containing In, or 
a conductive perovskite oxide, In 203, In203 (Sn dope), CoO (R, Sr)3, RuO (R, Sr, calcium)3, RuO (R, 
Sr)3, SrRu03 and MnO (R, Sr)3, or these related compounds are desirable, for example. In addition, in 
these compounds, R is the rare earth elements containing Sc and Y. 

[0117] Like the 1st buffer layer, when it is a tetragonal phase and they are single (001) orientation and a 
cubic, it is desirable that it is single (100) orientation, and even when it is any, as for a ground electrode, 
it is more desirable that it is an epitaxial film. Moreover, as for the orientation relationship of a ground 
electrode and Si (100) substrate, it is desirable that they are tetragonal [100]// Si [010], or cubic [010]//Si 
[010]. That is, as for a thin film and a substrate, it is desirable that shafts are parallel in a field. Such a 
laminated structure is effective for raising the crystallinity of the functional epitaxial film further formed 
on this structure, and forming as a single orientation film or an epitaxial film. Since a ground electrode 
has good grid adjustment with a functional epitaxial film, a crystalline functional high epitaxial film is 
obtained. 

[0118] As for a ground electrode, it is desirable that the specific resistance in bulk is 10-5 - 10-2ohmcm. 
Moreover, it is desirable that they are the specific resistance 10-5 as a thin film - 10-2ohmcm. In 
addition, the ground electrode may consist of superconducting materials. 

[01 19] In order that the crystallinity of each thin film and a ground electrode, front- face nature and a 
thickness ground electrode, and a buffer layer may raise the crystallinity of the thin film formed on it, its 
crystallinity is good and it is desirable that a front face is flat. 

[0120] The half- value width of the rocking curve of the reflective peak in an X diffraction and the 
pattern of the image by RHEED can investigate the crystallinity of a thin film. Moreover, front- face 
nature can be investigated by the streak nature of a RHEED image, and the surface roughness (ten-point 
average of roughness height) measured by AFM (atomic force microscope). 

[0121] As for the thickness of a ground electrode, it is usually desirable to be referred to as 50-500nm. 
Moreover, as for about 5-200nm and the 2nd buffer layer thickness, it is [ the 1st buffer layer thickness ] 
desirable to be referred to as about 5-50nm. 

[0122] It is desirable to use a vacuum deposition, the MBE method, the RF magnetron-sputtering 
method, etc. for formation of the formation method functionality epitaxial film, a buffer layer, and a 
ground electrode, and it is desirable to use the method especially indicated by aforementioned JP,10- 
17394, A. 
[0123] 

[Effect of the Invention] VCO consists of this inventions by the amount of stored charges considering as 
a variable-capacity element on both sides of the ferroelectricity thin film or antiferroelectricity thin film 
which shows a history to applied voltage by the electrode of a couple, and connecting an oscillation 
element (a piezo-electric bulk oscillating element or surface-acoustic-wave resonator) to this variable- 
capacity element in series. That is, this invention is based on the completely new way of thinking [ say / 
using the above-mentioned variable-capacity element as an alternative of varactor diode ]. These 
problems are solved, when a resistance component increases, Q becomes low sharply in an about 2GHz 
RF field, and the variable-capacity element of this invention is used for varactor diode, although there is 
a problem that C/N falls. 

[0124] In this invention, since a ferroelectric material and antiferroelectricity material are thin-film-ized 
and are used in a variable-capacity element, it can be made to operate on the voltage of several volts, 
and sufficient frequency adjustable width of face is obtained. 
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[0125] Moreover, since it is possible to form a variable-capacity element and an oscillation element in 
one in this invention and monolithic-izing with a semiconductor device is also possible, it is 
advantageous to a miniaturization. 

[0126] Furthermore, by making a ferroelectricity thin film and an antiferroelectricity thin film into an 
epitaxial film in a variable-capacity element, Q big enough is obtained also in a 1.5-2GHz band, and the 
stability of a property becomes good. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Since mobile communications which used the 1.9GHz band from the 
800MHz band, such as a cellular phone and PHS, spread quickly and correspond to the increase of a 
subscriber recently, and in order to realize the telephone of a cosmopolitan, introduction of new 
specification, such as IMT2000 system, is considered. Introduction of the system to 2Mbps(es) is 
considered for the maximum bit rate as a phase 1 by this IMT2000 system. The wideband CDMA 
method which extended bandwidth to 5MHz / 10MHz / 20MHz, and the TDMA method which 
incorporated frequency hopping were examined by this system. Since the direct diffusion sign is used 
for the former, in the present condition, the limitation of use bandwidth is called 5 to 10MHz by 
interference of the multiplex propagation path of an electric wave, and its development of new 
interference cancellation technology is indispensable. The high-speed frequency synthesizer for 
frequency hopping is required, and the latter operates to this frequency synthesizer with the 2GHz band 
of center frequency, and needs for it the VCO (voltage controlled oscillator) circuit whose frequency 
adjustable width of face is 5MHz to 20MHz (from 0.25% of standardization frequency adjustable width 
of face to 1%). 

[0003] The terminal of these systems is strongly required to be smaller than before, in order to raise 
convenience. The miniaturization of the parts to be used is indispensable to the miniaturization of a 
terminal. About the miniaturization of a VCO circuit used for a frequency synthesizer, although it is 
thought from the conventional discrete part that bare chip mounting and a further have effective 
monolithic-izing, it is necessary to conquer various technical problems, and utilization is not progressing 
easily. 

[0004] By the way, the piezo-electric bulk oscillating element and surface-acoustic-wave resonator 
using single crystal piezoelectric material have the features, like resonance loss is small in small, no 
adjusting, and Quantity Q, and are used for the VCO circuit combining varactor diode. 
[0005] However, the application to the communication system which uses a 2GHz band since the usable 
frequency range is hundreds of MHz or less for the VCO circuit using the piezo-electric bulk oscillating 
element using the single crystal of LiTa03 grade is impossible. On the other hand, the VCO circuit 
using the surface-acoustic-wave resonator is studied even to the 900MHz band. However, on the 
frequency of a 2GHz band, a resistance component increases, Q becomes low sharply, as for the 
varactor diode which is the key parts of a frequency adjustable element, C/N falls, and a practical 
property is not acquired. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing VCO of the 1st example. 

[Drawing 2] It is the graph which shows the hysteresis curve of the amount of stored charges in the 1st 
example. 

[Drawing 3] It is the graph which shows the applied-voltage dependency of the capacity in the 1st 
example. 

[Drawing 41 It is a circuit diagram for explaining operation of VCO of this invention. 

[Drawing 5] It is the graph which shows the frequency response of the impedance in the 1st example. 

[Drawing 6] It is the graph which shows the applied- voltage dependency of the impedance in the 1st 

example. 

[Drawing 7] It is the cross section showing VCO of the 2nd example. 

[Drawing 8] It is the graph which shows the applied- voltage dependency of the impedance in the 2nd 
example. 

[Drawing 91 (A) - (D) is a cross section for explaining the manufacturing process of VCO of the 3rd 
example, and (E) is the cross section showing VCO of the 3rd example. 

[Drawing 10] It is the graph which shows the hysteresis curve of the amount of stored charges in the 3rd 
example. 

[Drawing 1 1] It is the cross section showing VCO of the 4th example. 

[Drawing 12] It is the graph which shows the applied- voltage dependency of the impedance in the 4th 
example. 

[Drawing 13] It is the conceptual diagram of a phase synchronous loop. 

[Drawing 14] It is the graph which shows change of the frequency response curve of the impedance 
imaginary part by connection of a variable-capacity element. 
[Description of Notations] 

1 Diaphram 

2 Si Substrate 

21 KNb03 Single-Crystal Substrate 

3 Buffer Layer 

4 Ground Electrode 

5, 51, 52 A ferroelectricity and piezoelectric thin film 

53 Antiferroelectricity Thin Film 

54 Dielectric Thin Film 
61 62 Up electrode 

63 Kushigata Electrode 

10 Die Bond Agent 

1 1 Package 

12 Wire 

13 Lid 
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100 Phase Contrast Detector 

101 Loop Filter 

102 Amplifier 

103 VCO 

200 Active Circuit 

201 Oscillation Element 

202 Variable-Capacity Element 

A, B, C External end-connection child 



[Translation done.] 
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2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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[Drawing 4] 
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[Drawing 51 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 81 




[Drawing 101 
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[Drawing 11] 
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[Drawing 9] 






http://www4apdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



Page 5 of 5 




[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/21/2003 



